Preparation of 13-to 19-membered carbocycles (metacyclophanes) from 1,3-disubstituted benzene derivatives has been successfully carried out using the RCM reaction, but similar starting materials having diphenyl ether did not cyclize to 15-membered compounds, whose ground state conformations were calculated and discussed. Several attempts to cyclize to form platycarynol are described.
Cyclophanes are interesting molecules and many synthetic efforts towards para-and meta-cyclophanes have been reported [1] . Macrocyclization using a ring closing metathesis (RCM) reaction is a convenient and powerful method for construction of macrocyclic rings [2] . Catalysts so far used are Grubbs' first generation ruthenium catalyst (1) [3] , Grubbs' second generation ruthenium catalyst (2) [4] , Schrock's molybdenum catalyst (3) [5] (Fig 1) , and some other congeners [6] . Many successful cyclization reactions have been reported and utilized for the synthesis of natural products [7] . Recently, a 13-membered paracyclophane, dihydropondaplin, was synthesized, but the RCM reaction for this molecule had failed [8] . A 23-membered pyrone derivative was prepared by the RCM reaction [9] . A paracyclophane type 17-membered compound was also prepared by the RCM reaction [10] . Paracyclophanes, as well as dimeric and trimeric compounds, were synthesized by the RCM reaction [11] . Yamamoto et al. reported the synthesis of 14-and 17membered diester cyclophanes using Pd chemistry [12] . Carbene complexes were also utilized for macrocyclization [13] . We have also reported the synthetic applications of these reactions to macrocyclic compounds [14] . Acerogenins A (4) and B (5) [15, 16] , as well as platycarynol (6) [17] (Figure 2 ), are bioactive natural products isolated from Acer nikoense Maxim. (Aceraceae) and Platycarya strobilacea Sieb. et Zucc., respectively [18] [19] [20] [21] . We have attempted to synthesize them using the RCM reaction. The synthetic plan is 1) introduction of a double bond using RCM reaction of a diene molecule, such as 7 and 9, followed by 2) catalytic reduction of the double bond ( Figure 3 ). Cyclization to metacyclophanes: Compounds 18-23 were chosen as model compounds and were synthesized from the reaction of isophthalaldehyde (11) with Grignard reagents (Figure 4 ). Alcohols 12-17 were protected with a triethylsilyl (TES) group to afford compounds 18-23. The RCM reactions were carried out using the catalyst 1 or 2 (10 or 20 mol%) in CH 2 Cl 2 either at rt or under reflux. The results are listed in Table 1 . For 9-and 11-membered carbocycles, no reaction occurred. However, in the case of 13membered rings or more (n=3-6), the desired compounds were obtained in medium or good yields. These products (26-29) were a complex mixture of four isomers due to the cis/trans olefin and the benzylic chiral positions (detected by GC), respectively. In order to confirm these results, the products were converted to diketones 34-37 by deprotection and Dess-Martin oxidation ( Figure 5 ). The products became the simpler mixtures due to cis/trans geometry. Thus, it became clear that the metacyclophanes with 13-to 19-membered carbocycles can be synthesized by the RCM reaction. We next started synthetic work on platycarynol (6) using a similar method.
Synthetic studies of platycarynol: Bromide 38, prepared from p-methoxybenzaldehyde by bromination, was converted to compound 39 using Horner-Emmons reaction. After reduction of the double bond, bromide 40 was substituted with eugenol (4-allyl-2-methoxyphenol) to afford ester 41 in 77% yield. A three steps transformation [i) LiAlH 4 reduction, ii) Swern oxidation, iii) Grignard reaction] produced the precursor 44 for macrocyclization ( Figure 6 ). The RCM reaction conditions using compounds 44-47 are listed in Table 2 . After many trials, these compounds were proved to be inadequate precursors for the synthesis of compound 8. Swern oxidation, and iii) Grignard reaction] afforded the precursor 52 and its protected compounds 53 and 54 by methylation and acetylation, respectively ( Figure 7 ) However, the RCM cyclization reaction was not successful, as shown in Table 3 . These results indicate that the conformation of the substrate might be a stretched form and the chance for both olefin ends to meet is considerably low. This is a surprising result, because a simple diene compound, such as compound 21, successfully cyclized to compound 27. Two benzene rings might have a considerable repulsive effect to put them apart from each other. [8] [9] [10] [11] . Except for the case of compound 23 (Figure 9 ), both olefin ends are not very far from each other in each case (Figs. 8, 10, and 11). There is still a chance to proceed the RCM reaction, if the energy difference between compounds 9 and 10 could be overcome ( Figure 11 ). 
Conclusion:
We have attempted to synthesize platycarynol (6), but the RCM cyclization to a 15-membered compound did not work well. However, the compound bearing one benzene ring cyclized successfully to 13-to 19-membered macrocycles, metacyclophanes. The differences in the results between these examples were ascribed to the difference of the most stable conformations. In the precursor of metacyclophanes, both olefin ends are relatively close to each other, but, in the precursor of platycarynol (6), they are slightly far from each other.
Experimental
General: All reactions were carried out under an argon (Ar) atmosphere. Anhydrous solvents were purchased from Kanto Chemical Co., Inc. Reagents were purchased at the highest commercial quality and were used without further purification. The IR spectra were measured on a JASCO FT/IR 500 spectrophotometer. Mass spectra, including high-resolution spectra, were recorded on a JEOL JMS-700 MStation. 1 1 
RCM reaction using 28 (n=5)

Preparation of 43:
A solution of 42 (1.0 g) in CH 2 Cl 2 (5 mL) was slowly added to a solution prepared in advance from oxalyl chloride (0.32 mL, 3.66 mmol) and Me 2 S (0.43 mL, 6.10 mmol) in CH 2 Cl 2 (5 mL) at -50˚C. The mixture was stirred for 15 min at the same temperature and then Et 3 N (2.16 mL, 15.25 mmol) was added. Then, the temperature was raised to 0˚C for 5 min. Water was added and the mixture was extracted with PhH. The organic layer was washed with brine, dried (MgSO 4 ), and evaporated to afford 43 (762.4 mg, 77%) as an oil. 1 
Preparation of 44:
A Grignard reagent was prepared from Mg (558.9 mg, 23.29 mmol) and allyl bromide (2.0 mL) in diethyl ether (2 mL) with the aid of dibromoethane (0.11 mL). A solution of 43 (762.4 mg, 2.32 mmol) in diethyl ether (10 mL) was added to this solution. The mixture was stirred at rt for 2 h. Sat. aq. NH 4 Cl was added at 0˚C and the mixture was extracted with diethyl ether. The organic layer was washed with brine, dried (MgSO 4 ), and evaporated to afford a residue. This was purified by CC to give 44 (814.6 mg, 73%) as an oil. 
